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,QWURGXFWLRQ
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7DSLDGRUDQG&DVDQRYD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WRSRJUDSKLFDO SURSHUWLHV DUH RQH RI WKHPRVW LPSRUWDQW IDFWRUV DIIHFWLQJ WKH FRQIRUPLW\ RI D VSHFLILF DUHD 6ORSH
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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3RWHQWLDOODQGXVHDVVHVVPHQWLVOLNHO\WREHWKHSUHGLFWLRQRIODQGSRWHQWLDOIRUSURGXFWLYHODQGXVHW\SHV7KLVFDVHLV
JUHDWLPSRUWDQWLQJXLGLQJGHFLVLRQVRQODQGXVHVLQWHUPVRISRWHQWLDODQGFRQVHUYLQJQDWXUDOUHVRXUFHVIRUIXWXUH
JHQHUDWLRQV 7KHUHIRUH FDUHIXO SODQQLQJ RI WKH XVH RI ODQG UHVRXUFHV LV EDVHG RQ ODQG HYDOXDWLRQ ZKLFK LV WKH
SURFHVVRIDVVHVVLQJWKHVXLWDELOLW\RIODQGIRUDOWHUQDWLYHODQGXVHV%ROFDHWDO
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/DQGHYDOXDWLRQ LVFRQFHUQHGZLWK WKHDVVHVVPHQWRI ODQGSHUIRUPDQFHZKHQXVHG IRUD VSHFLILHGSXUSRVH )$2
,QRWKHUZRUGVODQGHYDOXDWLRQLVOLNHO\WREHWKHSUHGLFWLRQRIODQGSRWHQWLDOIRUSURGXFWLYHODQGXVHW\SHV
DQGWKHQJHQHUDOO\DFRPSDULVRQRUPDWFKRIWKHUHTXLUHPHQWVRIHDFKSRWHQWLDOODQGXVHZLWKWKHFKDUDFWHULVWLFVRI
HDFKNLQGRIODQG
,QWKLVVWXG\WKHODQGXVHODQGFRYHUFKDQJHVRI6LYDVSURYLQFHDQGLWVYLFLQLW\ZHUHGHWHFWHGXVLQJ5HPRWH6HQVLQJ
DQG*HRJUDSKLF,QIRUPDWLRQ6\VWHPVDQGDXVDJHSRWHQWLDOPDSVKRZLQJWKHPRVWDSSURSULDWHODQGXVHRIWKHDUHD
RI VWXG\ZDVFUHDWHG ,WZDVDLPHG WRFUHDWH WKHPRVW DSSURSULDWHXVDJHPRGHO IRU WKH IXWXUH IRU WKHSXUSRVHVRI
SODQQLQJ GHYHORSLQJ DQG PDQDJLQJ WKH QDWXUDO UHVRXUFHV RI WKH DUHD IRU 6LYDV SURYLQFH DQG LWV YLFLQLW\ LQ D
VXVWDLQDEOHZD\LQRUGHUE\DVVHVVLQJWKHFKDQJHVRIODQGXVHODQGFRYHUFKDQJHVDQGDUHDXVDJHSRWHQWLDOVWRJHWKHU
0DWHULDOVDQGPHWKRGV
2.1. Study Area 
7KH VWXG\ DUHD LV ZLWKLQ WKH OLPLWV RI WKH FLW\ RI 6LYDV 870 FRRUGLQDWHV  
DQGGDWXP(']RQHQXPEHU1VFDOHTXDGUDQJOHVLEL
DLFDQGLGFRYHULQJWKH6LYDVFLW\FHQWHUDQGHQYLURQVZHUHWKRURXJKO\H[DPLQHGLQWKLVVWXG\)LJXUH
6LYDV LV ORFDWHG LQ WKHXSSHU UHDFKHV RI WKH.Õ]ÕOÕUPDN5LYHUZLWKLQ WKH FHQWUDO$QDWROLDQ UHJLRQ ,Q7XUNH\ WKH
SURYLQFHRI6LYDVLVUDQNHGVHFRQGLQWHUPVRIVXUIDFHDUHDNPDIWHUWKHSURYLQFHRI.RQ\DDQGLVORFDWHG
EHWZHHQÛDQGÛ(ORQJLWXGHDQGÛDQGÛ1ODWLWXGH


)LJXUHD/RFDWLRQPDSRIWKHVWXG\DUHDE%RUGHUSURYLQFHVRIWKHFLW\RI6LYDVF/DQGVDW70VDWHOOLWHLPDJHRIWKHFLW\FHQWHURI6LYDVG
/D\RXWLQGH[RIWKHVWXG\DUHD

ā
ā
ā
D
F
E
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
457 Can Bü lent Karakus et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  454 – 461 
,WVWRSRJUDSK\LVJHQHUDOO\UXJJHGZLWKHOHYDWLRQVPDERYHVHDOHYHO,QDFFRUGDQFHZLWKWKHWRSRJUDSKLF
VWUXFWXUHRI7XUNH\6LYDVJHQHUDOO\ LQFUHDVHV LQHOHYDWLRQ IURPZHVW WR HDVW DQGPRVWRI LWV HDVWHUQSDUWV DUHRI
KLJKHU HOHYDWLRQ 7KHSURYLQFHKDV WKHJHQHUDO DSSHDUDQFHRI DSODWHDX WKDW LQ IDFWKDVEHHQ VKDSHGE\YDOOH\V
DORQJPRXQWDLQUDQJHVRUFRPSULVHVLQGLYLGXDOPRXQWDLQVDQGSODLQVLQJUDEHQDQGWHUUDFHDUHDV7KHFLW\FHQWUHRI
6LYDVDVDVHWWOHPHQWDUHDGHVFHQGVIURPQRUWKWRVRXWKDQGWKLVGHVFHQGLQJVORSHJHQHUDOO\GRHVQRWH[FHHG
6LYDVLVWKHFROGHVWFLW\RIWKHFHQWUDO$QDWROLDQUHJLRQLWVWHPSHUDWXUHPD\UHDFKÛ&LQVXPPHUDQGFDQGURSWR
Û& LQZLQWHU 7KHPHDQDQQXDOSUHFLSLWDWLRQ LVPPFRPSULVLQJSUHFLSLWDWLRQRI LQDXWXPQ LQ
VSULQJLQZLQWHUDQGLQVXPPHU
2.2. Determination of Land Use/Cover Changes 
/DQGVDW70LPDJHVGDWHGSDWK URZ DQG/DQGVDW(70 LPDJHVGDWHGSDWK
 URZ KDYH EHHQ XVHG WR GHWHUPLQH ODQG XVHFRYHU YDULDWLRQV IRU WKH FLW\ RI 6LYDV DQG HQYLURQV RYHU D
SDUWLFXODU WLPHSHULRG 7DEOH(U0DSSHU VRIWZDUHDUHXVHG WRGHWHUPLQH WKH ODQGXVHFRYHUYDULDWLRQVDQG
ILHOGW\SHKDQGKHOG*36ZHUHDOVRXVHGWRLGHQWLI\JURXQGFRQWUROSRLQWV

7DEOH'DWDW\SHVDQGWHFKQLFDOSURSHUWLHVRIWKHDHULDOSKRWRJUDSKVDQGVDWHOOLWHLPDJHVXVHGLQWKLVVWXG\









1RWH*&0*HQHUDO&RPPDQGRI0DSSLQJRI7XUNH\

7KHW\SHVRIGDWDEHORZXVHGLQWKLVVWXG\VHUYHGDVUHIHUHQFHGDWDWRGHWHUPLQHWKHODQGXVHFRYHUYDULDWLRQDLGHG
E\WKHXVHRIVDWHOOLWHLPDJHV
D 7RSRJUDSKLFPDSVDWWKHVFDOHRI
E $HULDOSKRWRJUDSKVDWWKHVFDOHRIIURPWKH\HDUDQG
F DHULDOSKRWRJUDSKVDWWKHVFDOHIURPWKH\HDU
G 8UEDQ3ODQQLQJ'UDZLQJVIRUWKH\HDU
H 3RLQWUHIHUHQFHGDWDREWDLQHGE\*36GXULQJILHOGZRUN

,QWKLVVWXG\VWDJHVLQGLFDWHGEHORZKDYHEHHQIROORZHGXSE\XVLQJWKHVDWHOOLWHLPDJHVRIWKHVWXG\DUHDIURPWKH
\HDUVDQGDQGWKHODQGXVHFRYHUYDULDWLRQVLQWKHVWXG\DUHDKDYHEHHQDVFHUWDLQHG

Image Processing 
(DFK LPDJH KDV EHHQ VXSSOLHG DV D ZKROH IUDPH DQG LQ WKH IRUP RI VHYHQ EDQGV HDFK /DQGVDW 70 LPDJH KDV
UHFWLI\LQJ LPDJH FKDUDFWHULVWLFV DQG HDFK /DQGVDW (70 LPDJH KDV RUWKRUHFWLI\LQJ LPDJH FKDUDFWHULVWLFV
5DGLRPHWULF UHFWLILFDWLRQKDVQRWEHHQ DSSOLHG LQVRIDU DV UDGLRPHWULF UHFWLILFDWLRQZDVGRQHSUHYLRXVO\  6DWHOOLWH
LPDJHVIURPERWK\HDUVKDYHEHHQGHYHORSHGE\XVLQJDOOEDQGVRIHDFKLPDJHDQGZLWKWKHKHOSRIWKH(U0DSSHU
VRIWZDUH$VWXG\DUHDFRYHULQJDSSUR[LPDWHO\NPKDVEHHQH[WUDFWHGDVDVXEVHWIURPWKH/DQGVDW(70
ZKROHIUDPHLPDJHVGDWHGDQG/DQGVDW70LPDJHVGDWHGFRYHULQJDQDUHDRINP[NP

Image Enhancement and Visual Interpretation 
9LVXDO LQWHUSUHWDWLRQFDQJLYHDQ LGHDFRQFHUQLQJ ODQGFRYHUYDULDWLRQRYHUDSDUWLFXODU WLPHSHULRG 6KDODE\DQG
7DWHLVKL  7KH JRDO RI LPDJH HQKDQFHPHQW LV WKH UHILQHPHQW RI LPDJH LQWHUSUHWDELOLW\ YLD LQFUHDVLQJ
GLIIHUHQWLDELOLW\DPRQJREMHFWV7KHLPDJHLQWHUSUHWDWLRQSURFHVVWKDWLVLPDJHVZKRVHTXDOLW\KDVEHHQHQKDQFHG
GLJLWDOO\ LV WKH EHVW ZD\ WR EHQHILW IURP WKH FRPSOHPHQWDU\ FDSDELOLWLHV RI WKH KXPDQ PLQG DQG FRPSXWHU
WHFKQRORJ\%DQGVDQGZHUHFRPELQHGWRSURGXFHIDOVHFRORULPDJHVIRUYLVXDOLQWHUSUHWDWLRQ

7HFKQLFDO3URSHUWLHV
'DWD7\SH
/DQGVDW70VDWHOOLWHLPDJHV
<HDU <HDU
6RXUFH 86*6 86*6
6SDWLDO5HVROXWLRQ P P
5DGLRPHWULF5HVROXWLRQ ELW ELW
<HDU3URGXFHG  
3URMHFWLRQ 1870 1870
'DWXP :*6 :*6
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Image Classification 
5HPRWHVHQVLQJ GDWD PD\ EH DQDO\VHG LQ RUGHU WR REWDLQ QHHGHG WKHPDWLF LQIRUPDWLRQ 2QH RI WKH PRVW XVHIXO
PHWKRGVIRUREWDLQLQJWKLVLQIRUPDWLRQLVLPDJHFODVVLILFDWLRQ,PDJHFODVVLILFDWLRQLVWKHFRQYHUVLRQSURFHVVWKDWLV
DSSOLHG WR FRQYHUWLQJ UDZ LPDJH GDWD WR WKHPDWLF LQIRUPDWLRQ 7KLV LQIRUPDWLRQ LV JDWKHUHG E\ LGHQWLI\LQJ DQG
PHDVXULQJFHUWDLQLQWHUYDOVRIWKHHOHFWURPDJQHWLFHQHUJ\VSHFWUXPVSUHDGLQJRUUHIOHFWLQJIURPWKHHDUWK¶VVXUIDFH
DQGE\VDYLQJWKHVHPHDVXUHPHQWVLQWRVSHFWUDOEDQGV-HQVHQ
,QLWLDOO\ DQ XQVXSHUYLVHG FODVVLILFDWLRQ SURFHVV IRU ERWK LPDJHV ZDV IROORZHG LQ RUGHU WR REWDLQ SUHOLPLQDU\
LQIRUPDWLRQUHJDUGLQJWKHODQGXVHODQGFRYHUIRUWKHVWXG\DUHD$FODVVLILFDWLRQSURFHVVIRUW\SHVRIODQGFODVV
ZDV WKHQ DSSOLHG E\ XVLQJ WKH ,62'$7$ DOJRULWKP LQ DQ XQVXSHUYLVHG FODVVLILFDWLRQ SURFHVV  'DWD IURP WKH
WUDLQLQJ DUHDV KDYH EHHQ JDWKHUHG IURP WKH ILHOG 6XEVHTXHQWO\ ZLWK WKH UHVXOWDQW PDS LQ KDQG VXSHUYLVHG
FODVVLILFDWLRQ ZDV FDUULHG RXW XVLQJ DHULDO SKRWRJUDSKV ZLWK FORVHO\ VSDFHG GDWHV DX[LOLDU\ UHIHUHQFH GDWD
WRSRJUDSKLFPDSV]RQLQJVKHHWVHWFDQGGDWDJDWKHUHGLQWKHILHOG$VXSHUYLVHGFODVVLILFDWLRQSURFHVVLQYROYLQJ
HLJKWODQGFODVVHVKDVEHHQDSSOLHGZLWKWKHKHOSRIWKH0D[LPXP/LNHOLKRRG$OJRULWKPXVLQJDOOWKHVSHFWUDOEDQGV
H[FHSW WKH WK VSHFWUXP EDQG ZKLFK KDV WKHUPDO FKDUDFWHULVWLFV .HUQHO ILOWHU [ ZDV HPSOR\HG LQ RUGHU WR
GHFUHDVHWKHQXPEHURIIDXOW\SL[HOVLQWKHFODVVLILHGLPDJHVDQGODQGXVHFRYHUYDULDWLRQVIRUWKHVWXG\DUHDZHUH
HVWDEOLVKHGE\FRPSDULQJFODVVLILHGLPDJHV
2.3. Determination of Land Use Potentials 
)RUJHQHUDWLQJWKHXVDJHSRWHQWLDOPDSIRU6LYDVSURYLQFHDQGLWVYLFLQLW\VFDOHWRSRJUDSKLFPDSVZLWKWKH
VHFWLRQQXPEHUVRILELDLFDQGLGIRUDOWLWXGHQXPHULFDOVRLOPDSVDQGGLJLWDOJHRORJLFDOPDSV
ZHUH XVHG $UF *,6  SURJUDPPH ZDV XVHG IRU WKH DQDO\VHV QHFHVVDU\ WR FDUU\ RXW RQ WKHVH *,6 GDWD
&RQVLGHULQJ WKH ORJLF RI WKHPDS RYHUOD\ WHFKQLTXH GXULQJ WKH VWXGLHV WKH SURMHFWLRQ RI DOO QXPHULFDO GDWDZDV
FRUUHFWHGDV870DQGWKHGDWXPDV('IRUWKHDQDO\VHVWREHFDUULHGRXWLQWKHDGYDQFHGVWDJHVRIWKHVWXG\DV
DOOQXPHULFDOGDWDUHTXLUHDFRPPRQSURMHFWLRQDQGGDWXPYDULDEOH
,QWKHILUVWVWDJHWKHPDWLFPDSVVKRZLQJWKHSURSHUWLHVWRSRJUDSKLFDOVWUXFWXUHDOWLWXGHVORSHDVSHFWJHRORJLFDO
VWUXFWXUH W\SH RI URFN DQG VRLO VWUXFWXUH /8& /DQG 8VH &DSDELOLW\ VRLO GHSWK VORSH HURVLRQ OLPLWLQJ VRLO
SURSHUWLHV
,Q WKHVHFRQGVWDJHQDWXUDO IDFWRUV WKDWFDQEHGHWHUPLQDQW IRU WKH UHOHYDQWVHFWRUVZLWKLQ WKHVFRSHRI³$QDO\VLV
0HWKRG RQ WKH9DOXH RI&RQIRUPLW\ RI WKH1DWXUDO 3RWHQWLDO WR 6HFWRUDO8VHV´ GHYHORSHG XVLQJ WKH ³/DQGVFDSH
$VVHVVPHQW0HWKRG´RI0F+DUJDQG³$QDO\VLVRIWKH9DOXHRI8VHLQ3ODQQLQJ´RI.LHPVWHGWDQG
WKHLU VXEXQLWV ZHUH GHWHUPLQHG 7KHQ WKH IDFWRUV WKDW ZHUH H[SHGLHQWO\ GHWHUPLQHG ZHUH JUDGHG E\ WKHLU
HIIHFWLYHQHVVLQGHWHUPLQLQJWKHXVDJHSRWHQWLDORIWKHDUHDLQTXHVWLRQ0F+DUJ.|VHRJOX$IWHUWKLV
ZHLJKWLQJ SURFHVV HDFK IDFWRU ZDV SXW WKURXJK D VHSDUDWH QXPHULFDO HYDOXDWLRQ LQ LWVHOI 7KLV DVVHVVPHQW ZDV
FDUULHGRXWRQWKHFKRVHQVXEXQLWVRIWKHIDFWRULQTXHVWLRQE\JLYLQJSRVLWLYHQXPHULFDOYDOXHVYDU\LQJEHWZHHQ
DQGFRQVLGHULQJWKHLUHIIHFWLYHQHVVLQWHUPVRIWKHODQGXVHLQTXHVWLRQ

$IWHUWKHVHIDFWRUZHLJKWVVXEXQLWVDQGWKHYDOXHVSHUWDLQLQJWRWKRVHXQLWVZHUHGHWHUPLQHGUHFODVVLILFDWLRQZDV
DSSOLHGRQWKHGHWHUPLQHGQDWXUDOIDFWRUVRIWKHPDWLFPDSVFUHDWHGXVLQJWKH6SDWLDO$QDO\VWPRGXOH0XOWL&ULWHULD
'HFLVLRQ$QDO\VLV0RGXOHRI$UF*,6SURJUDPPHWKHLUVXEXQLWVDQGWKHIDFWRUZHLJKWV
7KHZHLJKWHGRYHUOD\WHFKQLTXHZDVDSSOLHGIRUGHWHFWLQJWKHDUHDVWKDWEHVWVXLWWKHQDWXUDOVWUXFWXUHRIWKHVWXG\
DUHD :HLJKWHG RYHUOD\ LV D WHFKQLTXH WKDW LV XVHG WR DVVHVV LQSXWV WKDW KDYH GLIIHUHQW YDOXHV LQ RWKHU ZRUGV
GLIIHUHQW XQLWV LQ RUGHU WR EH DEOH WRPDNH DQ LQWHJUDWHG DQDO\VLV 7KH VROXWLRQ RI VSDWLDO SUREOHPV UHTXLUHV WKH
DQDO\VLVRIPDQ\GLIIHUHQWIDFWRUV&DEXN
,QWKHQH[WVWDJHWKHZHLJKWHGRYHUOD\RIUHFODVVLILHGPDSVZDVFRQGXFWHGXVLQJWKH³:HLJKWHG2YHUOD\´PRGXOHRI
$UF*,6SURJUDPPH$W WKHHQGRI WKHZHLJKWHGRYHUOD\FRQIRUPLW\PDSVRQWKHUHOHYDQW ODQGXVHVGLYLGHG
LQWR IRXU FODVVHVZHUHJHQHUDWHG &DEXN%HFDXVH RI WKHZHLJKWHGRYHUOD\ LWZDV LQGLFDWHG WKDW WKHPRVW
DSSURSULDWHILHOGVLQWKHGHJUHHFRQIRUPLW\PDSVDUHWKHILHOGVVKRZQZLWKWKHWHUP³VW'HJUHH$SSURSULDWH´7KH
GHJUHH FRQIRUPLW\ PDSV JHQHUDWHG LQ WKH DUHD RI VWXG\ IRU GHWHUPLQLQJ WKH DSSURSULDWH DUHDV IRU WKH UHOHYDQW
VHFWRUVZHUHDSSOLHGZHLJKWHGRYHUOD\DQGWKHDUHDXVDJHSRWHQWLDOPDS)LJXUHRIWKHDUHDRIVWXG\VKRZLQJWKH
PRVWDSSURSULDWHZD\RIODQGXVHZDVJHQHUDWHG


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5HVXOWV

:KHQGHWHUPLQDWLRQRI/DQG8VH/DQG&RYHU9DULDWLRQVYLD6DWHOOLWH,PDJHVFODVVXQVXSHUYLVHGFODVVLILFDWLRQ
DOJRULWKPKDVEHHQDSSOLHGXVLQJDOORI WKHEDQGVH[FHSW WKH WKHUPDOEDQG LQ WKH/DQGVDW(70VDWHOOLWH LPDJHV
IURPWKH\HDUDQGWKH/DQGVDW70LPDJHVIURPWKH\HDU7ZRKXQGUHGDQGVL[W\WKUHHWUDLQLQJGDWD
HOHPHQWVJDWKHUHGIURPWKHDUHDIURPWKH\HDUH[LVWLQJODQGXVHFDWHJRULHVRQ8UEDQ3ODQQLQJ'UDZLQJVIURP
WKH\HDUXVHGDVUHIHUHQFHGDWDEHFDXVHRIWKHLUGDWHVEHLQJFORVHVWWRWKRVHRIWKHLPDJHVIURPWKH\HDU
XQVXSHUYLVHGFODVVLILFDWLRQUHVXOWVPDSIURPWKH\HDUDQG5*%IDOVHFRORXULPDJHVKDYHEHHQDVVHVVHG
FROOHFWLYHO\DQGWKHLUWUDLQLQJVFRSHVGHWHUPLQHG,QWKHVDPHPDQQHUWUDLQLQJGDWDHOHPHQWVJDWKHUHGIURPWKH
DUHDLQWKH\HDURUWKRSKRWRDHULDOSKRWRWRJUDSKVIURPWKH\HDUXVHGDVUHIHUHQFHGDWDEHFDXVHRIKDYLQJ
WKHGDWHFORVHVWWRWKH\HDUXQVXSHUYLVHGFODVVLILFDWLRQUHVXOWVPDSIURPWKH\HDUDQG5*%IDOVH
FRORXU LPDJHVZHUH DVVHVVHG FROOHFWLYHO\ DQG WKHLU WUDLQLQJ VFRSHV GHWHUPLQHG IRU WKH VDPH \HDU  7UDLQLQJ GDWD
ZKLFKZHUHJDWKHUHGIURPWKHDUHDKDYHEHHQWDNHQLQWRFRQVLGHUDWLRQYLDDVXSHUYLVHGFODVVLILFDWLRQSURFHVVIRUWKH
\HDUVDQGDQGODQGXVHFRYHUYDULDWLRQVKDYHEHHQGHWHUPLQHGDQGUHFRUGHG7DEOHDVHLJKWODQGXVH
FDWHJRULHVZLWKFRUUHVSRQGLQJGHILQLWLRQV7DEOH
   7DEOH/DQGXVHFDWHJRULHVDQGWKHLUGHILQLWLRQV
/DQG8VH&DWHJRULHV 'HILQLWLRQ
6XUIDFH:DWHUV 5LYHUVODNHV
1DWXUDO9HJHWDWLRQ 6WHSSHZHHGHWF
%DUH6RLO %DGODQGV
6HWWOHPHQWV %XLOGLQJVURDGVLQGXVWULDOFHQWUHV
$JULFXOWXUDO/DQG $UDEOHULFKVRLOODQG
)RUHVW/DQG 7UHHV
5RFNLHV 6WRQHURFN
5RFNLHV /LPHVWRQH

7DEOH&ODVVLILFDWLRQUHVXOWVRIWKHODQGXVHFRYHUIRUWKH\HDUVDQG
   
$UHDO9DULDWLRQ
NP
/DQG8VH/DQG&RYHU /DQG8VH/DQG&RYHU
Categories NP  NP 
6HWWOHPHQWV     
$JULFXOWXUDO/DQG     
1DWXUDO9HJHWDWLRQ     
6XUIDFH:DWHUV     
)RUHVW/DQG     
%DUH6RLO     
5RFN\3ODFH     
5RFN\3ODFH     

:KHQ DUHDO GLVWULEXWLRQ YDOXHV 7DEOH  IRU ODQG FRYHU XVH IRU WKH \HDU  DUH H[DPLQHG LW LV VHHQ WKDW
DJULFXOWXUDOODQGVRIWKHVWXG\DUHDRFFXS\WKHJUHDWHVWDUHD:KHQWKHODQGXVHFDWHJRULHVPDSIRUWKH\HDULV
H[DPLQHGLWLVREVHUYHGWKDWDJULFXOWXUDOODQGLVKDSKD]DUGO\GLVWULEXWHG1DWXUDOYHJHWDWLRQZLWKLQWKHVWXG\DUHDLV
ORFDWHGPDLQO\LQWKHQRUWKZHVWHUQSDUWRIWKHDUHD0RUHRYHU WKHUHLVLQIHUWLOHODQGZLWKQRDJULFXOWXUDODFWLYLW\
ZKLFKZHWHUPEDUHVRLOPDLQO\WRWKHZHVWDQGQRUWKHDVWRIWKHFLW\FHQWUH
7KHVH ODQGV ZKLFK ZH GHVFULEH DV 5RFNLHV  DUH WKH DUHDV ZKLFK KDYH KLJK VORSHV DQG ZKHUH OLPHVWRQH LV
DEXQGDQW7KLVW\SHRIODQGLVPDLQO\VHHQLQWKH7DYUD9DOOH\ZKLFKLVLQWKHQRUWKHUQSDUWRIWKHVWXG\DUHDDQGLV
SUHVHQWLQWKHZHVWHUQSDUWRIWKHVWXG\DUHD6WRQ\DUHDVDQGURFN\ILHOGVZLWKKLJKHUHOHYDWLRQVDUHGHILQHGE\XV
DV5RFNLHVDQGDUHPDLQO\SUHVHQWLQWKHVRXWKHDVWHUQSDUWRIWKHVWXG\DUHD)RUHVWODQGVFRYHUOLWWOHJURXQGLQWKH
VWXG\DUHDDQGDUHFORVHWRWKHFLW\FHQWUHIRUHVWVDUHORFDWHGLQWKHVRXWKHUQQRUWKHUQDQGQRUWKHDVWHUQSDUWVRIWKH
FLW\6HWWOHPHQWDUHDVDUHORFDWHGQRUWKRIWKH.Õ]ÕOÕUPDN5LYHUDQGFRYHUDQDUHDRINP$WWHQWLRQLVGUDZQ
WRWKHDYDLODELOLW\RIVHWWOHPHQWDUHDVVRXWKRIWKH.Õ]ÕOÕUPDN5LYHU


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
  )LJXUH/DQGXVHSRWHQWLDOPDSRIWKHDUHDRILQYHVWLJDWLRQ

&RQFOXVLRQV

5HFRJQLWLRQ DQGPDSSLQJRI ODQGXVHFRYHU DUH LPSRUWDQW LQ UHVRXUFHPDQDJHPHQW DQGSODQQLQJ VWXGLHV&XUUHQW
LQIRUPDWLRQDERXW ODQGFRYHUDQGXVHDQG WKHLUYDULDWLRQRYHUVSHFLILFSHULRGVDUHKHOSIXO LQDYRLGLQJ WKHZURQJ
XWLOLVDWLRQRIODQGLQDFFXUDWHVWUDWHJ\GHYHORSPHQWDLPHGDWFRQVHUYDWLRQDQGLQSODQQHGGHYHORSPHQW0RQLWRULQJ
RIXUEDQVSUDZODQG WKHFRQYHUVLRQRI IHUWLOH ODQGIRUGLIIHUHQWXVHV LVSRVVLEOH WKURXJKVWXGLHV WKDWDVFHUWDLQDQG
HIIHFWLYHO\WUDFNYDULDWLRQ%\GHWHUPLQLQJFKDQJHVLQWKHDPRXQWVRIUXUDOFRXQWU\VLGHDQGXUEDQDUHDVFDXVHGE\
PLJUDWLRQXUEDQPDQDJHUVDQGSODQQHUVFDQSUHGLFWWKHSRWHQWLDOJURZWKYHFWRUVRIDFLW\DQGWKXVPDNHLQIRUPHG
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GHFLVLRQVDERXWXUEDQSODQQLQJDQGHQFRXUDJHWKHZHOOEDODQFHGGHYHORSPHQWRIIHUWLOHDJULFXOWXUDOODQGVLQFRQFHUW
ZLWKXUEDQGHYHORSPHQWLQDZD\WKDWUHVSRQVLEO\SURWHFWVWKHPDQGDOVRIDFLOLWDWHVWKHPRQLWRULQJRIDWULVNODQG
,W VKRXOG QRW EH RYHUORRNHG WKDW WKHUH ZDV D SRVVLELOLW\ RI FRQIXVLRQ RI VRPH FDWHJRULHV GXULQJ WKH VXSHUYLVHG
FODVVLILFDWLRQSURFHVVFDUULHGRXWRQVDWHOOLWHLPDJHVIURPWKH\HDUVDQG,QVRIDUDVUHLQIRUFHGFRQFUHWH
VWUXFWXUHVLQVHWWOHPHQWDUHDVDQGURFN\SDUWVRIPRXQWDLQRXVDUHDVKDYHVLPLODUVSHFWUDOUHIOHFWLRQVVXFKVHWWOHPHQW
DQGURFN\DUHDVSRVVHVVVLPLODUFKDUDFWHULVWLFVDQGPD\FDXVHFRQIXVLRQGXULQJFODVVLILFDWLRQ7KHVDPHVLWXDWLRQ
KDV EHHQ YDOLG IRU URFN\ DUHDV DQG WKH .Õ]ÕOÕUPDN 5LYHU ,Q RUGHU WR DYRLG VXFK FRQIXVLRQ WKH DVVLJQPHQW RI
FDWHJRULHV WKURXJK ILHOG ZRUN DQG WKH LPSRUWDQFH RI DFFXUDWH VDWHOOLWHLPDJH LQWHUSUHWDWLRQ KDYH EHHQ VWUHVVHG
6HWWOHPHQW DUHDV KDYH LQFUHDVHG  DQG DJULFXOWXUDO ODQG KDV EHHQ HQFURDFKHG XSRQ DV LV FOHDU WKURXJK
H[DPLQDWLRQRIODQGXVHFKDQJHLQWKHSHULRG
:KHQWKHODQGXVHODQGFRYHUFKDQJHVRIWKHDUHDRIVWXG\ZHUHDVVHVVHGZLWKWKHDUHDXVHSRWHQWLDOVLW
ZDV GHWHUPLQHG WKDW VHWWOHPHQW DUHDV GHWHUPLQHG IURP WKH ODQG XVH FKDQJHV GR QRW H[KLELW DQ\
GHYHORSPHQW DFFRUGLQJ WR WKH ODQGXVHSRWHQWLDOPDS )LJXUH$V LV VHHQ LQ WKH ODQGXVHODQG FRYHU
FKDQJHVLWZDVFRQFOXGHGWKDWWKHVHWWOHPHQWDUHDVZKHUH6LYDVFLW\LVORFDWHGVKRXOGEHXVHGDVDUHDVRI
PHDGRZSDVWXUHDFFRUGLQJWRWKHODQGXVHSRWHQWLDOPDS,WLVVHHQWKDWWKH&HPHQW)DFWRU\LQWKHZHVWRI
WKH DUHD RI VWXG\ LV HVWDEOLVKHG RQ WKH ODQGV WKDW DUH PRVW VXLWDEOH LQ WHUPV RI DJULFXOWXUDO ODQGV
$JULFXOWXUH,,WLVREVHUYHGWKDW.DUúÕ\DND1HLJKERXUKRRGDQG8QLYHUVLW\&DPSXV6LWHLQWKH6RXWKRI
WKH DUHD RI VWXG\ (\OO ,QGXVWULDO 6LWH LQ WKH6RXWK RI WKH FLW\ DQG2UJDQL]HG ,QGXVWULDO 6LWH LQ WKH
QRUWKHDVWRI WKHDUHDRIVWXG\DUH ORFDWHGRQ WKH ODQGV WKDWDUHVXLWDEOH IRU WKHXVHDVDJULFXOWXUDO ODQGV
$JULFXOWXUH , ,, ,WZDV GHWHFWHG WKDW WKH VHWWOHPHQW DUHDV GHYHORSLQJ LQ WKH QRUWKHDVW RI WKH DUHD RI
VWXG\DQG6RXWKDQGVRXWKHDVWRIWKHFLW\DUHIRXQGHGRQDJULFXOWXUDOODQGV)LJXUH
&RQVHTXHQWO\LWLVUHTXLUHGWRGHWHFWWKHODQGXVHODQGFRYHUFKDQJHVDQGFXUUHQWHQYLURQPHQWDOIHDWXUHV
DQGFRQVLGHULQJWKHVHIHDWXUHVIRUHDFKODQGXVHFODVVLQWHUPVRIUHYHDOLQJWKHIHDVLELOLW\RIWKHODQGXVH
SRWHQWLDOV LQ6LYDVSURYLQFH,W LVQHFHVVDU\QRW WREXLOGWKHDUHDVWREHQHZO\RSHQHGIRUVHWWOHPHQWRQ
SURGXFWLYH DJULFXOWXUDO ODQGV DQG FRQVLGHULQJ ZDWHU UHVRXUFHV DJULFXOWXUDO ODQGV DQG VHWWOHPHQW DUHDV
ZKHQSODQQLQJLQGXVWULDODUHDV1DWXUDOVWUXFWXUDOIHDWXUHVRIWKHDUHDRIVWXG\DQGFRQIRUPLW\PDSVIRU
HDFK VHFWRU VKRXOG EH FRQVLGHUHG HVSHFLDOO\ E\ ORFDO JRYHUQPHQWV IRU WKH DUHDV WR EH RSHQHG IRU
VHWWOHPHQWLQWKHIXWXUH
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